Abstract: Using a square lattice to reduce the cross talk between two photonic crystal structures composed of silicon pillars in air and air holes in silicon shows a reduction of -90.60 dB and -30 dB, respectively.
Introduction
When two strip waveguides are crossed, the guided waves experience a sudden expansion due to lack of confinement in the lateral direction, resulting in coupling into the intersecting waveguides in addition to radiation and scattering losses. Ultra low cross talk between intersecting waveguides minimizes the footprint required to integrate multiple optical devices on the same chip. It has been shown that cross talk can be significantly reduced even when using a low quality factor (Q-factor) optical cavity at the intersection [1] [2] [3] . The optical cavity supports two modes orthogonal to each other at the intersection area. In this configuration, each mode is even with respect to one waveguide and odd with respect to the other, hence dramatically decreasing the cross talk.
Herein, we propose two intersecting waveguides formed in a square lattice photonic crystal (PhC) structure. One supports TM modes (silicon pillars in air) and the other supports TE modes (air holes in silicon), as shown in Fig. 1 . Both structures provide index guiding and confinement in the vertical direction. By doing so, the size of the device can be dramatically reduced and ultra low cross talk can be realized at telecom wavelengths.
Design
We fabricated both structures in silicon-on-insulator. Our 3D simulation results for the structure that supports TM modes indicate that the lattice constant of the structure is 460 nm and the height of the silicon rods is 2.25a (1035 nm), resulting in a maximum band gap that is centered at =1550 nm. In addition, the whole structure is buried in silicon oxide in order to maximize the photonic band gap and provide index guiding in the vertical direction. For the structure that supports TE modes, the width of the silicon-on-insulator is 250 nm and the lattice constant of the structure is 560 nm. In order to maximize the photonic band gap, part of the buried oxide is etched. We have fabricated several different variations of the structures where the waveguides are separated by a different number of rods or air holes to improve the coupling efficiency and reduce the crosstalk. We are currently in the process of testing the fabricated structures shown in Fig. 1 . 
